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Average Non-dimensiona| Velocity
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Average for All Sprinklers

average standard deviation =26%
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Azimuthal Dependence
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5 of 12 sprinklerscan be modeled as axisymmetric
because the standard deviations (c)are less than 5%.

Depends on condition because changing pressure can
increase ¢ > 5%
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Droplet Sizes
Phase Doppler Interferometry (PDI)

Advantage
* Precise Measurement Probe
Laser y
| Beam S| Iit/ter \\: h f\;
Disadvantage seem sper Y
+ Small Probe Volume e iy
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PDI Measurement Locations
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Typical PDI Result Near Sprinkler
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P13B at 88kPa, ¢ =0"
Symbol Name Definition Formula
d, Diameter Diameter of sphere d
d, Surface Volume Diameter Diameter of aspherehaving the s
e (Sauter Diameter) surfaceto volume ratio as a droplet. Do ﬂ:
DV50 Volume Median Diameter Half of agiven volume of water is

contained in dropletsgreaterthan
this diameter and the other half in
dropletssmaller than this diameter
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PDI Results

* Average number of droplets : 10286
« Maximum number of droplets : 13028
« Minimum number of droplets : 6094

Equivalent Diameters

157 <£d, <795 um
252 <DV50 13393 um
316 < d;, <5693 um

Droplet Size and Weber Number
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DV50 and Weber Number
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Droplet Distribution Functions
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Comparison of experimental CVF with log-
normal and Rosin-Rammler distributions

Sprinkler Pressure Elevation Distribution Distribution DV50 p ¥ L
(kPa) (degrees) below DV50 above DVSO (um) (um) | (um) | (um)
P10B 130 0 log-normal above log-normal 252 0.63 320 § 036
PLOB 130 10 log-normal above log-normal 286 0.61 272 1 039
P10B 130 30 log-normal above log-normal 337 0.e2 206 0.48
P10B 130 60 below log- below log-normal 439 0.68 1.73 0.68
normal

0.35<06,<0.86 average = 0.55, standard deviation =0.14
0.64<3<0.75 average = 0.69, standard deviation =0.026
1.85<y<2.57 average = 2.19, standard deviation =0.186
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Fraction of Water Visible in PIV Images

Fraction of Total Water Volume
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PDI Im Below Sprinklers

» Droplet size increases a %Qg
with distance from ‘ f
sprinkler axis o |
« Bimodal shape 3 J
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Bimodal shape in histograms 1m
below sprinkler
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Water Flux

Water Flux
Water Flux = kg/sec/m’
q'=q/4
dA=r*singdo ap

Assume number of visible droplets is
proportional to volume of water

3
dg =" Nar
g =D’
w($.0)=L =" N(4,0
0"(9.0)= L="2N($.0)

4i($,0) =4"($.6) u, (9.0) 4
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Droplet Count
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Water Flux

P 1QA sprinkler at 221kPa

Non-dimensional flux
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Nonlimensional Water Fhux
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NonDimensional Water Flux
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Non-dimensional flux

48 kPa 76 kPa 103 kPa

Elevation Angle, ¢

Nondimensional Water Flux
Nondimensional Water Flux
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standard deviation was typically about 50%
of the axisymmetric flux at any location

147



Summary

» The spray velocity radial.

» The velocity profile varies widely with no
differentiation between upright and pendant
sprinklers.

« The maximum radial velocities range from
5.8t0 14.1mxs!,

* The non-dimensionalized velocity,
accounts for the effect of orifice pressure.

Summary

» The velocity profiles for 5 of 12 sprinklers
could be modeled as axisymmetric.

« Many variations in the velocity profile
could be linked to sprinkler features

« A typical axisymmetric sprinkler velocity
profile was created from all the velocity
results.
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Summary

The largest number of droplets are less than
250um in diameter,

The majority of water volume is carried by
droplets with diameters greater than 300um.
Near the sprinklers more large droplets

were present as the elevation angle
increased.

Summary

The CVF was unique for each sprinkler and
location.

DV50 o« Wen-1/3
Water flux can be calculated using PIV Images
Maximum flux was 2.7 to 9.7 times the average.

Changes in pressure alter the distribution of the
water flux.
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Quick Response Sprinkler
Sensitivity in Dry Pipe Sprinkler
Systems

Victoria B. Valentine, E.I. .
Manager of Product Standards
January 2003

Outline

» Problem Statement
« Background
 System Description
 Fire Modeling

» Experiments
 Results

« Conclusions
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